Abstract: For environmental and economic conditions, precipitation can be considered as 18 the most relevant climatic element.
Precipitation can be considered as the most important climatic element. Its drought and wet periods 48 are known to change the natural water supply, the soil water balance, river discharges, and crop yields, 49 as well as natural vegetation. 50
There is a cyclical pattern of precipitation in pampean flatlands which has dry and wet periods and 51 involving changes in land uses. 52
At different times have been noted numerous "anomalies" in regard to precipitation annual march 53 and there are many studies at different scale and generalization level about this theme [1] [2] [3] [4] [5] [6] [7] [8] [9] . 54 Argentina is a relatively young country because its territory was conquered by Spain in the XVI 55 century and so, the climatic knowledge has two distinct stages: the first one, pre-scientific and named 56 in this paper "non systematic" is based on travelers' accounts, news directly observed and phenomena 57 perceived by the residents and, the second, called "systematic" which began with the creation of the 58 National Weather Service in the mid-nineteenth century. The "non systematic" information is devoid 59 of mathematical precision but as it is the only existing, we can take it into account as a contribution to 60 the knowledge of the region's climate. 61 The oldest observation refers to weather conditions comes from the Spanish people and it was based 62 on the correspondence collected in the Archivo de Indias in Seville (Spain), for the period 1540 to 63 1596, which was coordinated and published [10] . 64
According to [11] the information about the weather conditions of the colonies began in 1604, 65 which was engaged in a journey of Hernandarias, which is in the 46 volumes of the Acuerdos 66 (Agreements) of the Buenos Aires Cabildo (government). They include the long period that runs from 67 1589 until 1821, year that this one was abolished. Other two researchers about this theme are [12, 13] . 68 Figure 1 has been done with joined information from these three mentioned authors and where the 69 succession of wet and dry years can be seen since the year 1604 to 1970. 70 The resulting analysis is very general and is often difficult to deduce from it the duration and 71 severity of drought or flood, the area covered and the damage caused. Exception of these limitations, 72 acknowledged by scholars, it is evident an often repeated critical situations, followed by serious 73 consequences. 74
It is interesting to comment the Darwin concepts [14] , when he visited the country in 1832 and saw 75 that birds, cows and horses were dying of hunger and thirst. This period (1827 -1832) is known as 76 -Great dry‖ and after that, during the decade of 1840, and important flood lasted some years [13] . 77 Systematic information started with the installation of meteorological stations and for example 78 Buenos Aires city has it since 1876. 79 
82
In 1900 a new flood occurred and occupied 6,000,000 hectares and began the construction of 83 drainage channels (Channels 11, 12 and 9) in pampean territory. The data source used in this paper belongs to the argentine provinces presented in Figure 2 Statistical significance: α represents the smallest significance level at which the null hypothesis 145 (absence of trends) must be rejected. If n is lower than 10, the test uses the S statistic, while if n is 146 larger or equal to 10, the test uses the Z (normal) statistic. To show the significance levels, the 147 following symbols are used: 148 *** existence of a trend with level of significance α = 0.001; 149 ** existence of a trend with level of significance α = 0.01; 150 * existence of a trend with level of significance α = 0.05; 151 + existence of a trend with level of significance α = 0.1. 152
Soil Water Balance 153
In this paper the daily soil water balance was realized considering daily precipitation and 154 temperature data of the meteorological stations listed in Table 1 
Map Graphical Representation 166
The maps showing the isohyets corresponding to annual, cold and warm semester values, soil water 167 surplus and soil water deficit were done using daily meteorological data of each meteorological station 168 and for each period considered and the results of the soil water balance realized. They were performed 169 utilizing the software SURFER 8.0, which allows the construction of the isolines maps. 170
Crops Data 171
The soybean sown surface (ha), the harvested surface (ha) and yields (qq/ha) series data were 172 provided by the National Ministry of Economy and Production. 1 8 9 5 1 9 0 1 1 9 0 7 1 9 1 3 1 9 1 9 1 9 2 5 1 9 3 1 1 9 3 7 1 9 4 3 1 9 4 9 1 9 5 5 1 9 6 1 1 9 6 7 1 9 7 3 1 9 7 9 1 9 8 5 1 9 9 1 1 9 9 7 2 0 0 3 1 9 1 2 1 9 1 7 1 9 2 2 1 9 2 7 1 9 3 2 1 9 3 7 1 9 4 2 1 9 4 7 1 9 5 2 1 9 5 7 1 9 6 2 1 9 6 7 1 9 7 2 1 9 7 7 1 9 8 2 1 9 8 7 1 9 9 2 1 9 9 7 2 0 0 2 2 0 0 7 Following this criterion the precipitation registered for the warm and cold semesters were analyzed 230 using these two mentioned periods. 231
Precipitation
The study of the results shown in the figures 12, 13, 14 and 15 is that the largest precipitation 232 increase occurred in the warm semester and in the center-west region in the second period (1977 -233 2006) . The precipitation during the warm semester increased 150 mm in the NE of La Pampa and NW 234 of Buenos Aires provinces. In the cold semester the increase reached 25 mm only in the northern area 235 of La Pampa province and less in the rest of the studied area, including it decreased in some areas of 236 Buenos Aires province. 237
The main consequence of this was the increase in soil water availability of fundamental importance 238 in agricultural development and the displacement of agricultural frontier. 239 Tables 2, 3 
277
Argentine agriculture is strongly identified with four crops: wheat, corn, sunflower and soybean. 278
Until the early 70´s the dominant production model was based on a pattern -agriculture and 279 livestock‖ considered as soil fertility conservative with moderate increase of production. From this 280 date, it has been replaced by a pattern of -continuous cropping‖, a dominant production style focused 281 on a few crops (corn, wheat and soybean) both for domestic consumption and exportation. This 282 process moved about 5 million hectares for livestock use in agriculture use [20] . 283
This process of agriculturization did not happen only in Argentina, it took place in Bolivia, Brasil 284 and Paraguay too [21] . 285
Originally, -continuous cropping‖ consisted in two crops per year: wheat -corn. Later, corn was 286 replaced by soybean (more demanding in soil fertility) long fallow was eliminated and joined a 287 destructive practice, the burning of stubbles. Fallow is an agricultural practice that allows the soil 288 oxygenation, the nutrient enrichment and the soil water conservation. 289
On the other hand, rangelands and natural prairies were replaced by the expanding agricultural 290 frontier caused by the increase of precipitation. 291
The Low-Disturbance Direct Seeding allowed the double crops wheat -soybean determining in 292 many cases the domain of soybean practice over wheat practice. 293
The process of agriculturization was favoured by international prices and the introduction of 294 soybean, whose production was increasing faster the domestic demand which, coupled with 295 international demand and high prices allowed Argentina turning out an exporter of soybean. 296
In pampean flatlands soybean replaced crops like corn, sorghum and alfalfa. 297
The changes mentioned above can be checked analysing the evolution of the soybean crops since 298 1970 in Buenos Aires Province and since 1980 in La Pampa province, when it began. The agricultural 299 technology of an earlier period was more depended on the environment, so their comparison is 300
incompatible. 301 Table 5 shows the evolution of soybean crop in two provinces: Buenos Aires La Pampa located in 302 pampean flatlands 303 1 9 6 9 / 7 0 1 9 7 1 / 7 2 1 9 7 3 / 7 4 1 9 7 5 / 7 6 1 9 7 7 / 7 8 1 9 7 9 / 8 0 1 9 8 1 / 8 2 1 9 8 3 / 8 4 1 9 8 5 / 8 6 1 9 8 7 / 8 8 1 9 8 9 / 9 0 1 9 9 1 / 9 2 1 9 9 3 / 9 4 1 9 9 5 / 9 6 1 9 9 7 / 9 8 1 9 9 9 / 0 0 2 It is interesting to observe the security of harvest in Pergamino and Nueve de Julio; there are no 326 losses and the low interannual variability and the increase registered in Maracó, surely related to the 327 increase in precipitation. 328
Hydrological Extreme Events in Pampean Flatlands 329
As a consequence of precipitation temporal variability diverse hydrological extreme events (flood 330 and droughts) happen in Pampean flatlands because there are other processes related. There are 331 associated oscillations in soil water content and soil water table depth. 332
The extreme events occurred in the last fifty years are studied in this paper using two soil water 333 balance parameters as indexes: soil water surplus for flood and soil water deficit for drought. 334 335 3.4.1. Floods 336 Figure 22 were high, a lot of people had to be evacuated, some roads and bridges broken and farm products lost. 347 Figure 31 shows the last drought occurred in the studied region. Buenos Aires province had almost 375 its whole territory with 400 mm of soil water deficit and in La Pampa province it reached 700 mm. 376
The losses were important in 2008 and it seemed that the period with high amounts of precipitation 377 was finished. 378
The hydrological extreme events have been related with the ENSO phases by different authors 379 [3, 22, 23, 24] , so it will not be discussed in this paper. 380 An important increased had been found during the warm semester (October-March) precipitation. 400
The cold semester (April-September) precipitation had not so high difference in its values during the 401 periods studied. 402
The north western area of La Pampa province changed its climate according Thornthwaite 403 classification, from Subhumid to Humid and it is related with the mean annual precipitation amount. 404
The change verified in precipitations has had, as main consequence, an increase in the soil water 405 availability and as rain fed agriculture is the predominant practice it favoured the success of summer 406 crops as soybean. The soybean production had been increased in the whole study region. 407
So, changes in land uses were other of the consequences, mainly in centre west area of the region 408 where rangelands and prairies passed to crop fields. It is inferred that the verified change is not 409 permanent, and it simply deals with a climatic fluctuation. The return to the previous situation before 410 the ´70 decade could have negative impacts on farming production. 411 Argentina increased its soybean production mainly for exportation answering to the world food 412 growing demand that makes that the increase of agricultural surface appears as an inevitable process. 413
The continuous need for improve the agricultural production incorporating new technology with 414 growing social demand creates a risk of causing severe environmental disturbances, which may 415 compromise the production itself and even affect non-renewable natural resources. 416
